Antimicrobial therapy is inappropriate in 9 to 64% of the patients hospitalized. We evaluated the antibiotic use in Internal Medicine wards of an Italian region (Lazio) by a prospective multicenter, observational study. One thousand and nine patients were evaluated. Patients under antimicrobial treatment (PUAT) were 588 (58.2%), patients without treatment (PWT) 421 (41.8%). Infections were classified as community acquired (47.8%), hospital acquired (10.3%) or healthcare-associated (11.4%); the remaining 30.5% of infections did not receive any epidemiological classification. Samples for microbiological examination were collected in 41.6% of PUAT. The antibiotic choice was empiric in 94.8% of the cases and protected penicillins were selected in 48% of the cases. The mean duration of treatment was 9.5±6 standard deviation (SD) days. Only 6% of the patients switched from intravenous to oral therapy. Age, length of hospital stay and mortality were higher for PUAT than for PWT (mean age: 75.9±15 SD vs 74.2±15 SD years, P<0.02; length of hospital stay: 13.7±10.4 SD vs 10±8.4 SD days, P<0.01; mortality: 15.9% vs 3.1%). Antibiotic stewardship needs to be implemented all over the hospitals of Lazio region.
Introduction
Antibiotics are frequently prescribed in medical wards, representing among others, a considerable burden. Antimicrobial therapy and prophylaxis in hospitals have been reported to be incorrect or not indicated in 9 to 64% of the patients 1 and a similar problem is described also in other settings such as nursing homes where, due to the lack of structural and human resources, antimicrobial prophylaxis is often used in an attempt to prevent infections. 2 There are several reasons for evaluating the treatment as inappropriate: lack of evidence of active bacterial disease, empiric treatment of non-critical patients, treatment of colonized asymptomatic patients, selection of second-line antibiotics not microbiologically driven. The main consequences of excessive or inappropriate antimicrobial use of antibiotics is the increase in infection or colonization due to resistant strains (methicillin resistant Staphylococcus aureus, multi-drug resistant Gramnegative bacteria, Clostridium difficile and Candida); these infections are burdened with high mortality, prolonged hospitalization and a substantial increase in health care costs. Moreover, antimicrobial drug toxicity and drug interactions should also be computed.
The main goal of antimicrobial stewardship is to obtain the best clinical outcome minimizing toxicity and limiting the selective pressure on bacterial populations that drives the emergence of resistant strains. The programs of antimicrobial stewardship improve the appropriate use of antimicrobial agents promoting the selection of the optimal antimicrobial regimen, including dosing, duration of therapy and route of administration. Antimicrobial stewardship also reduces the costs attributable to suboptimal antimicrobial use. Quantitative monitoring of antimicrobial use in hospitals or hospital units and qualitative evaluation of 
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antimicrobial treatment and prophylaxis in individual patients are pivotal in addressing the interventions. [3] [4] [5] Based on these premises we were interested in evaluating the modality of use of antibiotics in the wards of Internal Medicine of several hospitals of Lazio (an Italian region), focusing on number of treated patients, appropriateness of indications, preferred antibiotic classes, and followed stewardship programs (i.e., deescalation and/or rotation of antimicrobials).
Materials and Methods
Twelve units of Internal Medicine from 9 hospitals spread throughout the Italian region of Lazio participated in this prospective, multicenter, observational study performed on behalf of FADOI Lazio -Area of Infectious Diseases. The protocol was approved by the Local Ethic Committee. Every unit nominated a referent physician for data collection. The study period was 12 months (from November 2014 to October 2015). The list of participating hospitals, with the names of unit directors and referent physicians are reported in Table 1 . Every patient, or their relatives when legally in charge, signed an informed consent form before any datum was collected. A data record form of every patient discharged during the first week of every month was filled. Every month all record forms were sent to the coordination center in order to create a single database. All collected patients were divided into two main groups: patients who underwent antimicrobial treatment (PUAT) and patients without treatment (PWT). These two populations were compared in terms of age, length of hospital stay, and mortality. For the PUAT group, the reasons to start an antimicrobial treatment and the ward or department where it was started were recorded. The diagnosis of infection was considered as possible, probable or definite according to diagnostic criteria guidelines and to the judgement of the doctor in charge. Every infection was classified for the organ or site affected, but also epidemiologically, discriminating among community-acquired (CAI), hospital-acquired (HAI) and healthcare-associated infections (HCAI). Inflammatory markers as procalcitonin (PCT) and/or C-reactive protein (CRP) and microbiological examinations performed were also recorded for all patients in the PUAT group. The antimicrobial therapy was evaluated if targeted on a specific isolate or empiric, and modifications in terms of upgrade or downgrade following microbiological isolation were reported. The used antimicrobials, the route of administration and the length of therapy were also considered. According to the clinical and epidemiological diagnosis, the appropriateness of the antibiotic chosen was evaluated from two different authors.
Statistical analysis
Data are expressed as mean±standard deviation (SD). Data were investigated if normally or not normally distributed. Non-parametric Mann-Whitney's test was used to compare two groups of non-parametric data. Kruskal-Wallis' test was employed to compare several groups of parametric data. GraphPad Prism 5.0 (GraphPad Software, Inc. USA) was used for statistical analysis.
Results
From November 2014 to October 2015, in the first week of every month, 1009 patients (M/F, 515/494; mean age/range 75.2 years±15.2 SD) were discharged Table 3 are reported the different empiric therapeutic approaches for CAIs, HAIs, HCAIs and not epidemiolog- Table 4 , remarkable differences were observed comparing the data of the various centers. The rate of PUAT ranged from 13% to 75%, the length of hospital stay from 7.8±7.7 SD days to 16.6±12 SD days (P<0.001), the mean duration of antibiotic treatment in hospital from 6.8±4.3 SD days to 11.4±7.8 SD among the various hospitals (P<0.05).
Discussion
In our observational study, more than half (58.5%) of patients admitted to the Internal Medicine wards received antibiotic therapy. The percentage significantly differed in different centers, ranging from 13% to 71%. These data are representative of the heterogeneity among Internal Medicine units and confirm several previous reports. Cusini et al. reported in Switzerland a mean prevalence of 44% among all hospital departments (including surgical and medical areas), with a rate of 46% for medical wards; hematology-oncology wards reached the higher value (57%). 1 The European Surveillance of Antimicrobial Consumption (ESAC) showed a mean prevalence of 30%, even if ranging from 19% to 59% between 20 European hospitals. Several other studies conducted during the period 1999-2008 found the rate of patients receiving antibiotics ranging between 16 to 49%, but data were based on different departments, pediatric included, and not only on Internal Medicine wards. [6] [7] [8] [9] [10] [11] [12] [13] [14] Although the number of patients treated with antibiotic in our Internal Medicine wards seems exceedingly high, a more specific comparison in terms of departments, patients, diseases and comorbidities should be useful to evaluate any antimicrobial misuse. However, our results seem to show some important understatements in terms of antibiotic stewardship. Despite it is well recognized that patients with hospital acquired and health-care associated infections should be empirically treated with antibiotics active against specific multidrug resistant pathogens (i.e., Pseudomonas spp. and methicillin resistant S. aureus), one third of the patients in our series did not receive any epidemiological classification. As a consequence, patients with CAI could have been treated with unnecessary broad-spectrum drugs and, otherwise, patients with HAI could have been undertreated. Our data actually show that almost twenty percent of patients with CAI received a treatment with antibiotics appropriate for HAI (e.g., piperacillin-tazobactam) and probably unnecessary. Conversely, more than half of HAIs and HCAIs received treatments, which should be reserved to CAIs, frequently (80% of cases) using a single agent. 
Article
This under treatment exposes these patients to higher risk of failure (complications and/or death). Overall, the selected antimicrobials were considered inadequate in 30% of cases according to the epidemiological classification received. Moreover, microbiological diagnosis was attempted in less than half of patients in the PUAT group and was obtained in 50% of cultured patients; therefore, only 25% of all PUAT received an etiologic diagnosis. This can explain why almost all treatments were empiric and so few targeted (5%). In a multicenter interventional study, 27.3% of antibiotic courses were determined to be unjustified; a post-prescription intervention based on an audit and feedback approach in addition to current stewardship programs, lead the clinicians to accept recommendations to change or stop the antibiotics in 66.7% of cases. 15 Compared to this trial, the inappropriateness of antibiotic prescription observed in our Internal Medicine wards was not so different. Excessive or inappropriate antimicrobial use increases morbidity, mortality, and healthcare costs including prolonged hospitalization. [7] [8] [9] [10] [11] Our results might be in accordance with these premises because PUAT showed a significantly higher mortality and prolonged length of stay. However, PUAT were also significantly older then PWT and the higher mortality, as well as the prolonged length of stay, could also be attributable to comorbidities and lower performance status, rather than to the antibiotic misuse. In the attempt to prevent the development of C. difficile infections, the antibiotic stewardship program guidelines by the Infectious Diseases Society of America (IDSA)/Society for Healthcare Epidemiology of America (SHEA) highlight as a priority to reduce the use of high-risk antibiotics such as clindamycin, 2 nd and 3 rd generation cephalosporins and fluoroquinolones. [16] [17] [18] In our study, protected penicillins were the antibiotic of choice in almost half of the cases, but 3 rd generation cephalosporins and fluoroquinolones still accounted for 45% of cases overall. Interventions to reduce and minimize the consumption of these high-risk antibiotics should be a major challenge. It is not surprising that almost all patients admitted to Internal Medicine wards have antibiotics administered for intravenous route. However, the early switch to oral therapy has several advantages such as reduced risk of cannula-related infections, reduced risk of thrombophlebitis, lower costs, reduction of hidden costs (cost of diluents, needles, syringes, nursing time, etc.) and earlier discharge. For all these reasons intravenous to oral switch is strongly advocated in clinically stable patients. In our series the switch occurred in only 6% of patients. Based on these data, an intervention addressed to this topic probably should be included in the local stewardship programs. Antibiotic consumption is strongly related to duration of therapy. In the last few years, several studies documented similar efficacy of short-course regimens compared to standard regimens.
Antibiotic stewardship interventions aimed at reducing the duration of antibiotic therapy lead to similar clinical outcomes compared to pre-intervention period. Specifically, 7 and 10 days of treatment for inpatients with community acquired pneumonia were equally effective in terms of clinical outcome, length of stay and 30-day readmission rates. 19, 20 Similarly, for patients with ventilator associated pneumonia, 8-10 days of treatment have been proposed in substitution of the usual two weeks course [21] [22] [23] and the same proposal has been made for patients with cellulitis, pyelonephritis and intra-abdominal infection. [24] [25] [26] [27] [28] Moreover, IDSA/SHEA guidelines suggest using inflammatory biomarker as PCT to shorten antimicrobial exposure, especially in intensive care units. Even if PCT was measured only in 26% of PUAT and therefore underutilized, the duration of antibiotic treatment in our center was not far from the numbers highlighted in the previous studies, with a mean length among various hospitals of 9.5±6.1 SD days ranging from 6.8±4.3 SD days to 11.4±7.8 SD (P<0.05). Unfortunately, we were not able to relate the duration of treatment with the clinical outcome. It seems remarkable that around 18% of patients continued the treatment at home for further 6 days on average probably extending too long the antibiotic course.
Limitations
Our study has several limitations. The center responsible to collect all data records and to create a single database did not have any control over the other hospitals doctors and even if it was clearly highlighted the importance of scheduling every patient discharged during the recruitment period we are not sure if any was missed and therefore if a collecting bias is present. Not all centers recruited the same number of patients and the use of inflammatory markers (e.g., PCT) was very heterogeneous. The records were not always completely filled in and several info lacked. We did not evaluate comorbidities (e.g., Charlson comorbidity index), and complications related to antibiotic use (e.g., C. difficile infections, allergic reaction, acute kidney injury, etc.). The diagnosis made was not always clear and this did not allow us to properly evaluate the expected duration of therapy. Since it was not possible to estimate for every patient the diagnosis along with illness severity and associated comorbidities, comparing mortality and length of stay of PUAT vs PWT was not feasible.
Conclusions
Among patients admitted to Internal Medicine wards, more than half received antibiotic therapy. Compared to previous studies, this rate is probably too high. Moreover, a great variability was observed among several wards. Almost all patients were treated 
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empirically, but one third did not receive any epidemiological classification, with the possible consequence of being under-or over-treated. Greater attention to the epidemiological classification should be recommended to drive the antibiotic choice. Switching from intravenous to oral antibiotic is still far from being a reality in Lazio, only 6% of patients belong to this group. According to the current trends to short-course regimen for most infections, the mean duration of 9.5 days, seems too long. Furthermore, many patients were discharged with prescription of antibiotics at home for almost another week. Inflammatory markers as PCT are not yet commonly used to reduce antibiotic utilization. Critical issues and possible corrective measure highlighted by this study have been summarized in Table 5 . Antibiotic stewardship programs represent a primary objective to implement in the Internal Medicine wards of Lazio. 
